1. Introduction
===============

Conus medullaris is extended to the lower 3rd portion of the L1 vertebral body, but there is a personal difference from T12 to upper 3rd of L3 vertebral body.^\[[@R1]\]^ Thus, spinal anesthesia is usually performed at the L3-L4 or L4-L5 intervertebral spaces to avoid direct injury to the spinal cord.

Tuffier line, a horizontal line drawn across the highest points of both iliac crests, is a common landmark for spinal anesthesia. It is considered to intersect the body of L4 or the L4-L5 intervertebral space. However, several factors such as patient\'s age, sex, or body shape could change the location of Tuffier line.^\[[@R2]--[@R5]\]^ Thus, the line could be drawn on the wrong points of vertebral level. Another landmark is based on the 10th rib under the assumption that the extended line passes through the L1-L2 intervertebral space or the body of L2.^\[[@R6]\]^ The puncture level for spinal anesthesia can be determined by counting down the lumbar intervertebral spaces from this line. A previous study showed that the 10th rib line is more accurate to predict the intervertebral level with palpation than Tuffier line.^\[[@R7]\]^

Spinal anesthesia is usually performed in the lateral decubitus position. These landmarks are based on the assumption that the patient could pose for spinal anesthesia with their back hunched, both legs flexed on the abdomen symmetrically, and chin flexed on the chest. However, this conventional lateral decubitus posture is hard to make in patients with hip fracture due to painful patient positioning. Hip fracture is common in the aged population. The height of individual vertebral body decreases with aging, and thus the use of anatomical landmarks may be incorrect to detect the intervertebral space for spinal anesthesia particularly in elderly patients. In the present study, we evaluated the accuracy of Tuffier line and the 10th rib line to identify the lumbar intervertebral space for spinal anesthesia using ultrasonography in elderly patients with hip fracture.

2. Methods
==========

This study was approved by the Institutional Review Board of our hospital (20170406/16-2017-46/051), and registered at ClinicalTrials.gov (NCT03182608). After obtaining written informed consents, patients over 65 years of age scheduled for hip fracture surgery under spinal anesthesia were recruited to the study. Patients were excluded if they had coagulopathy, known anatomical anomaly or pathology in the spine, or history of spine surgery or compression fracture.

Standard monitoring included noninvasive arterial pressure, electrocardiogram, and pulse oximetry. Patients posed the lateral decubitus position with the fracture side up, lower leg flexed, and upper fractured leg straight for spinal anesthesia. Assistants stood facing them, and helped posing and maintaining the lateral decubitus position. Folded cotton cloths were placed underneath the upper fractured leg to keep the leg straight. The L4-L5 intervertebral space was detected using Tuffier line and the 10th rib line in a random order by 2 experienced board-certified anesthesiologists. Tuffier line was defined as an intercristal line drawn between the tops of both iliac crests. It was considered to intersect the body of L4 or the L4-L5 intervertebral space. The 10th rib line was defined as an imaginary line connecting the 2 lowest points of the rib cage, which corresponds to the L1-L2 intervertebral space or the body of L2. The L4-L5 intervertebral space was determined by counting down the level from this line (Fig. [1](#F1){ref-type="fig"}). After determining the L4-L5 intervertebral space using each method alternately, horizontal skin marks were created with an erasable pen. Then, another experienced anesthesiologist for ultrasonographic examination assessed the intervertebral spaces, as described in a previous study.^\[[@R8]\]^ A 2- to 5-MHz curved array probe (SonoSite MicroMaxx; SonoSite Inc, Bothell, WA) was placed over the lumbosacral spine, oriented longitudinally in a parasagittal plane lateral to the midline. After identifying the sacrum, the investigator moved the probe in a cephalad direction, counted the intervertebral spaces and assessed the actual intervertebral spaces of the 2 skin marks (Fig. [2](#F2){ref-type="fig"}). Then, spinal anesthesia was performed at the L4-L5 intervertebral space determined by ultrasonography.

![Anatomic landmarks for spinal anesthesia. The 10th rib line was defined as an imaginary line connecting the 2 lowest points of the rib cage, which corresponds to the L1-L2 intervertebral space or the body of L2. The L4-L5 intervertebral space was determined by counting down the level from this line. Tuffier line was defined as an intercristal line drawn between the tops of both iliac crests. It was considered to intersect the body of L4 or the L4-L5 intervertebral space.](medi-98-e16388-g001){#F1}

![Longitudinal parasagittal image of the lumbosacral spine.](medi-98-e16388-g002){#F2}

A pilot study was performed to determine the sample size in 30 elderly patients with hip fracture undergoing spinal anesthesia, and the accuracy to detect the L4-L5 intervertebral space was 59% using the 10th rib line. The accuracy, based on a previous study in general patient population, was 74% in the 10th rib-guided approach.^\[[@R7]\]^ A power analysis was performed based on the difference between the 59% and 74% in the accuracy rate, and 76 patients were required at a significance level of 95% and with a power of 80%. Considering the possible dropouts, 84 patients were enrolled.

The SPSS for Windows software (ver. 20; IBM Corp, Armonk, NY) was used to conduct statistical analyses. Data normality was tested using the Shapiro-Wilk test. Data are expressed as number of patients (%) or mean ± standard deviation. Accuracy and the difference of estimation ratio related to the intervertebral spaces by 2 anatomic landmarks were compared by McNemar test. The association between the accuracy of each anatomic landmark and patient characteristics (sex, age, weight, height, and fracture site) was analyzed using Student *t* test or the Chi-squared test. A *P*-value \<.05 was considered statistically significant.

3. Results
==========

A total of 112 patients were recruited from June 2017 to March 2018, and 28 did not fulfill the inclusion criteria. Consequently, 84 patients were included in the study. Five patients were excluded due to poor image quality. Thus, 79 patients were included the analysis. Patient characteristics and fracture site are shown in Table [1](#T1){ref-type="table"}.

###### 

Patient characteristics and fracture site.
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The accuracy of the anatomic landmarks to determine the L4-L5 intervertebral space is presented in Table [2](#T2){ref-type="table"}. No significant difference was observed between the accuracy of 2 anatomic landmarks (*P* = .87). The L4-L5 intervertebral space was correctly estimated in 47 (59%) patients using Tuffier line and 45 (57%) patients using the 10th rib line. Both anatomic landmarks identified the L4-L5 intervertebral space in 27 (34%) patients, and estimated the other intervertebral spaces in 14 (18%) patients.

###### 

The accuracy of the anatomic landmarks.
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The actual intervertebral spaces determined by anatomic landmarks are shown in Table [3](#T3){ref-type="table"}. The estimation ratio related to the intervertebral levels was not different between the 2 landmarks (*P* = .40). The wrong identifications of intervertebral level with Tuffier line and the 10th rib line were observed in the following order: L3-L4 intervertebral space: 27% vs 24%, L5-S1 intervertebral space: 9% vs 16%, and L2-L3 intervertebral space: 5% vs 3%, respectively.

###### 

Intervertebral spaces determined by anatomic landmarks.
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Association between the accuracy of each anatomic landmark and the patient data is shown in Table [4](#T4){ref-type="table"}. No significant association was found in the accuracy of each anatomic landmark with age, sex, height, weight, and fracture site.

###### 

Association of the patient data with the accuracy of anatomic landmarks.
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4. Discussion
=============

This study showed that Tuffier line and the 10th rib line may be unreliable to detect the L4-L5 intervertebral space for spinal anesthesia in elderly patients with hip fracture.

In the present study, the accuracy of Tuffier line was 59%, consistent with previous studies showing its accuracy of 60% to 64% in general population.^\[[@R7],[@R9]\]^ The accuracy of the 10th rib line was 57%, which was lower than the result in a previous study where showed the 74% accuracy of the 10th rib line.^\[[@R7]\]^ In that study, they compared Tuffier line and the 10th rib line to predict the L4-L5 intervertebral space in young and healthy population, and showed that the 10th rib line is more accurate than Tuffier line (74% vs 60%, respectively). With the 10th rib line, the L4-L5 intervertebral space is determined by counting down the level from the 10th rib line that corresponds to the L1-L2 intervertebral space or the body of L2. The 10th rib line has been suggested as a new landmark of the lumbar vertebral level as well as a safe guard to prevent the high level puncture based on the X-ray data in young and nonobese volunteers.^\[[@R6]\]^ Our study was performed in elderly patients over 65 years old with hip fracture. The estimation of intervertebral space by counting down the level from the 10th rib line may be incorrect in elderly patients because the height of vertebral body decreased due to aging process such as osteoporosis and degeneration.

According to the previous studies,^\[[@R4],[@R7],[@R10]\]^ the wrong identified intervertebral level was mostly the higher level with Tuffier and the lower level with the 10th rib line. In our study, the wrong estimation ratio related to the intervertebral level was not different between the 2 landmarks; 1 upper level (L3--L4 intervertebral space, 27% vs 24%, Tuffier line vs the 10th rib line, respectively) and 1 lower level (L5--S1 intervertebral space, 9% vs 16%). Moreover, the 2 upper level (L2--L3 intervertebral space) was identified in 4 patients (5%) with Tuffier line and 2 patients (3%) with the 10th rib line. According to a previous study,^\[[@R11]\]^ the distance in segments between the conus medullaris and Tuffier line was shorter with increased age. It results from age-related vertebral deformity and reduced height of the vertebral body. Thus, when these anatomic landmarks are used in this population, the needle may be directed close to the spinal cord in some cases, and special attention is required.

Bedside ultrasound-guided identification of intervertebral space for spinal anesthesia is a simple and effective method to prevent the injury to the spinal cord. It may also facilitate the successful spinal anesthesia in these patients although it was not evaluated in this study.^\[[@R8],[@R12]\]^ However, visualization of the intervertebral spaces can be difficult in some elderly patients because of narrow interspinous spaces caused by ossification of the interspinous ligaments. Prominent spinous process in thin stooping elderly patients may disturb adequate skin-probe contact and result in poor image quality.^\[[@R13]\]^ Thus, the use of ultrasonography coupled with the anatomic landmarks may provide more effective and safer spinal anesthesia.

This study has some limitations. First, the skin marks were not sealed during the ultrasonographic examination, but the ultrasonographic examination was performed according to a standardized protocol. Second, this study included patients with normal body habitus because non-obese patients are more susceptible to hip fracture.^\[[@R14],[@R15]\]^ Thus, our results could not be generalized to obese patients.

5. Conclusion
=============

Tuffier line and the 10th rib line are unreliable to detect the L4-L5 intervertebral space in elderly patients undergoing hip fracture surgery. Ultrasonographic assessment of intervertebral spaces should be considered for safe and effective spinal anesthesia in this population.
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